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35 (10) hcr-and E. coli WP2.61 Among these three formylalkyl compounds only the formlymethyl compound (3b) was chemically unstable, and produced directly acting mutagen(s) upon standing at room temperature.51 This paper deals with the isolation and characterization of the directly acting mutagens formed from 3b and its homolog , N-nitroso-N-(formylmethyl)ethylamine (3a) and a nonmutagen formed from N-nitroso-N-(formylmethyl)-tert-butylamine (3c). Their possible role in carcinogenesis by 1 is discussed . Nitrosation of N-Nitroso-N-(2-oxopropyl)butylamine (6) , N-Nitroso-N-(2-oxobutyl)butylamine (7) and N-Nitroso- 
(1H, s, N-OH).
Nitrosation of 8 with 3c Treatment of 8 with 3c Alone: 8 (86 mg, 0.5 mmol) and 3c (144 mg, 1 mmol) were dissolved in methyl acetate (1.6 ml) and the solution was left at room temperature for 5 d. After evaporation of the solvent, the residue was chromatographed on a column of silica gel (60 g) with S3 as a solvent to give 4c (18 mg, 20% yield) after usual work-up. No 13 was produced, and 8 was mostly recovered unchanged.
Treatment of 8 with 3c and Nitrosyl Chloride: 8 (172 mg, 1 mmol) and 3c (144 mg, 1 mmol) were dissolved in methyl acetate (1.5 ml). Nitrosyl chloride (1 mmol) in chloroform (350 pl) was added to this solution and the mixture was left at room temperature for 85 min. After evaporation of the solvents, the residue was subjected to column chromatography on silica gel (70 g) to give 4c (3 mg, 2% yield) and 13 (100 mg, 50% yield), recovering 8 (53 mg, 31%) and 3c (51 mg, 35%).
Mutation Assay The mutation assay using S. typhimurium TA1535 and TA1538, and E. coli WP2 hcr-was carried out as described previously in the absence') and in the presence of rat-liver 9000 x g supernatant.")
Results
The IR spectrum of 4c showed a strong absorption band at 3100 cm ' due to OH, bands at 2800, 1695 and 1035 cm ascribable to the aldehyde group and a band at 1465 cm due to the N =0 group. The UV spectrum of 4c with absorption at 223 nm (E= 12000) also indicated the presence of the N-nitroso group. The NMR spectrum of 4a taken in CD3CN showed two sets of signals indicating the existence of a mixture of E-and Z-isomers because of the partial double bond character of the N-N bond": signals at 0.98 and 3.71 ppm for the E-form and 1.28 and 4.33 ppm for the Z-form were assignable to the ethylnitrosamino protons. A similar spectral characteristic was noticed with 3a (in CDC13): 1.08 and 3.64 ppm for E-form and 1.41 and 4.28 ppm for Z-form. Singlet peaks assignable to the aldehyde proton were also observed at 9.26 (Z-form) and 9.54 (E-form) ppm for 4a and at 9.40 (Z-form) and 9.78 (E-form) ppm for 3a. However, singlet peaks observed with 3a at 4.21 (Z-form) and 4.97 (E-form) ppm due to two protons adjacent to the aldehyde group disappeared in 4a, indicating substitution at this position.
Quite similar NMR spectral results were observed with 4b and 3b. On the other hand, 4c and 3c exist as Z-and E-form exclusively, respectively, because of the bulkiness of the tertbutyl group." Besides these spectral data, the result of elemental analysis of 4c supported its identification as N-nitroso-N-tert-butyl-1-hydroxyimino-2-oxoethylamine.
Analogously the structure of 4a and 4b could be assigned as indicated in Chart 1, although they were not stable enough for elemental analysis. For further confirmation of their structures, 4a, 4b and 4c were derivatized into their crystalline 2,4-dinitrophenylhydrazones (5). The NMR spectrum of 5a taken in CD3COCD3 also showed two sets of signals assignable to the ethylnitrosamino protons, indicating the presence of E-and Z-isomers due to the N-nitroso group; 1.14 and 3.88 ppm for E-form and 1.46 and 4.51 ppm for Z-form. The aldehyde proton signals observed in 4a disappeared in 5a while new singlet peaks appeared at 8.34 (Z-form) and 8.59 (E-form) in addition to peaks due to phenyl protons, indicating that 4a is derivatized to the 2,4-dinitrophenylhydrazone (5a) with retention of its structure. A similar conclusion was reached when the NMR spectra of 4b and 5b were compared. The NMR spectrum of 5c indicated that it exists as the Z-form exclusively. Based on these spectral and elemental analysis data for 5a, 5b and Sc, their structures were elucidated to be as shown in Chart 1.
The IR spectrum of 9 showed absorption bands at 3320, 1675 and 1530 cm -1 attributable to a secondary amido group and at 1725 and 1170 cm -1 due to a carbonyl group. The NMR spectrum of 9 taken in CD3CN showed peaks at 0.88, 1.2 1.8 and 3.17 ppm assignable to a butylamino group. No indication of the presence of E-and Z-isomers due to the N-nitroso group was observed. On derivatization of 9 to its 2,4-dinitrophenylhydrazone, the absorption bands due to a carbonyl group observed in the IR spectrum disappeared, while a new absorption band due to C = N appeared at 1610 cm -1. The NM R spectrum indicated that the butylamino group remained intact (0.92, 1.1 1.9 and 3.30 ppm) and a singlet peak assignable to C-CH3 appeared at 2.27 ppm instead of that at 2.33 ppm assignable to COCH3. Based on these spectral findings, the structure of 9 was assigned as N-butyl-1,2-dioxopropylamine. The elemental analysis data for its 2,4-dinitrophenylhydrazone also supported this structure.
The IR spectrum of 10 exhibited absorptions at 3150 and 1620 cm -1, 1710 and 1020 cm -1, and 1415 cm -1 due to hydroxyimino, carbonyl, and nitroso groups, respectively. The presence of the N-nitroso group was also apparent from the UV spectrum. The NMR spectrum of 10 taken in CD3CN showed the existence of E-and Z-isomers arising from the Nnitroso group. The presence of a butylnitrosamino grouping was presumed on the basis of the observed peaks at 0.94, 1.1 1.8, and 3.52 (E-form) & 4.18 (Z-form) ppm. When the NMR spectra of 10 and 6 taken in CD3CN were compared, the singlet peaks at 2.07 (Z-form) and 2.18 (E-form) ppm observed in 6 due to COCH3 had disappeared in the spectrum of 10, while new singlet peaks appeared at 7.50 (Z-form) and 7.60 (E-form) ppm. The singlet peaks at 4.27 (Z-form) and 4.98 (E-form) ppm of 6, assignable to methylene protons adjacent to the oxo group, were shifted to 4.60 (Z-form) and 5.34 (E-form) ppm in 10, indicating substitution of two protons of COCH3 with an electron-withdrawing group. Based on these spectral and elemental analysis data, the structure of 10 was determined to be N-nitroso-N-buty1-2-oxo-3-hydroxyiminopropylamine.
Compound 11 was considered. to be a homolog of 9 from a comparison of their IR, UV and NMR spectral data. Since 11 showed triplet and quartet peaks at 1.0 and 2.86 ppm, respectively, an ethyl group adjacent to the carbonyl group remained intact, thus identifying 11 as N-butyl-1,2-dioxobutylamine. Compound 11 was derivatized to its 2,4-dinitrophenylhydrazone, whose IR, UV, NMR and elemental analysis data also supported the assigned structure.
Quite similar IR and UV spectra were obtained with 10 and 12. However, instead of a singlet peak observed in the 1H-NMR spectrum of 10 due to CH, a singlet peak assignable to C-CH3 appeared in that of 12 at 1.84 ppm. Thus 12 was identified as N-nitroso-N-buty1-2-oxo-3-hydroxyiminobutylamine.
Comparison of the IR, UV and NMR spectral data of 13 with those of 8 indicated that methylene protons of 8 adjacent to a carbonyl group were replaced with a hydroxyimino group. The structure of 13 was thus assigned as N-nitroso-N-buty1-2-hydroxyimino-3-oxobutylamine, which was supported by elemental analysis data.
Compounds 4a, 4b and 4c were tested for mutagenicity using acetonitrile as a solvent. Since 4a and 4b were unstable in the absence of acetonitrile, their content in the solution was determined by HPLC after conversion to the 2,4-dinitrophenylhydrazones (5a and 5b). The formation of 5c from 4c was quantitative. The retention times (min) of 5a, 5b and 5c were 6.5 & 6.8,12) 12.0 & 13.0 and 10.0, respectively.
Compounds 4a and 4b were strongly mutagenic to S. typhimurium TA1535 and E. coli WP2 hcr-without metabolic activation (Fig. 1) , while 4c was not mutagenic to either of the bacterial strains with or without metabolic activation. These three compounds were not mutagenic to S. typhimurium TA 1538.
The mutagenic activities of 9 13 and compound X were tested without metabolic activation. None of them was mutagenic to E. coli WP2 hcr-and compound X alone was mutagenic to S. typhimurium TA1535, its potency being about one-third of that of 4b. Discussion N-Nitrosoformylmethyl compounds (3) are chemically unstable and, upon standing at room temperature, they (3a and 3b) produced directly acting mutagens in the Ames assay.5) We tried to isolate and characterize those mutagens since they are presumably relevant to carcinogenesis by N-nitrosodialkylamines (1) containing a 2-hydroxyethyl group, which would form 3.
By following the mutagenic activity of a methyl acetate solution of 3 upon standing, we were able to isolate a new type of N-nitroso compounds and identify them as 4 (Chart 1). Compounds 4a and 4b showed potent direct mutagenicity toward S. typhimurium TA1535 and E. coli WP2 hcr- (Fig. 1) , while 4c did not show any mutagenic activity with or without metabolic activation. Most of the mutagenic activity (99%) toward S. typhimurium TA1535 of the methyl acetate solution containing 3b could be accounted for by 4b, while about half of the mutagenic activity of the solution against E. coli WP2 hcr-was explainable in terms of 4b, indicating the formation of unidentified mutagenic products.
The potent direct mutagenic activities of 4a and 4b are evident from the finding that their mutagenic activities are ten times more potent than those of the corresponding a-hydroxy Nnitroso compounds, that is N-nitroso-N-(hydroxymethyl)alkylamines (alkyl = ethyl and buty1).13) Compounds 4a and 4b were not mutagenic to S. typhimurium TA1538, indicating that they act as alkylating agents. Loeppky et al.14) reported that N-nitrosoformylmethylamines readily transfer their nitroso group to an acceptor such as dimethylamine to give N-nitrosodimethylamine. There are reports that nitrosation of ketones lead to the formation of oximes via addition of NO + to an enol tautomer.15) Thus, it is conceivable that upon standing of 3 at room temperature, a nitrosating agent(s) is produced slowly, which attacks 3, followed by isomerization to oximes (4) . In order to demonstrate the formation of NO + during storage of 3, the effect of three nitrosating agents on the formation of 4c was studied, since 4c is stable enough for isolation. The formation of 4c was greatly accelerated by addition of nitrosyl chloride or nitrite under acidic conditions to a solution of 3c, while little effect was observed with amyl nitrite under neutral conditions in accordance with the order of easiness of NO + formation. Compound 4c was not formed within 3 h in the absence of a nitrosating agent.
Compounds 6, 7 and 8 are also potent carcinogens that induce tumors of the liver and esophagus in rats.'m Although these compounds are not considered to produce nitrosating agents by themselves upon standing at room temperature, they might give N-nitroso-N-alkyl-1-hydroxyiminoalkylamine-type compounds by addition of nitrosating agents. Addition of nitrosyl chloride to methyl acetate solutions of 6, 7 and 8 gave 9 and 10, 11 and 12, and 13, respectively (Chart 2). The formation of 9 and 10 is explainable as follows. After acidcatalyzed enolization of 6, addition of NO + to enol tautomers occurs,15b) followed by 
